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REMARKS 

Amendment to the Specification 

The specification has been amended in accordance with Examiner's 
request and suggestions. 

Nonstatutory double patenting rejection 

Examiner has rejected claims 1-7 based on obviousness-type double 
patenting as being unpatentable over claims 1-7 of US Patent No. 
6,649,165. The Applicant will timely file a terminal disclaimer in 
compliance with 37 CFR 1.321(c) to overcome this rejection. 

Applicant's Declaration and other References Appended 

Applicant's Declaration in support of this Response is attached 
hereto, with appendices, and is hereby incorporated by reference in its 
entirety as part of this Response. Appendix A to the Declaration is a 
research "Report" from Applicant's company MelTec. Where additional 
references cited in the Declaration are to short articles or to text 
found in Abstracts of such additional references, then those articles 
and Abstracts are appended in printed form as Appendix B to the 
Declaration. Other citations are to information directly accessible by 
the Examiner on-line and URL addresses for each of these citations can 
be found in the additional page appended to the Declaration entitled 
"Appendix C -- Declaration References with URIi Addresses." 

Other references cited in this Response are listed in the appended 
page entitled "Response Appendix 1. Response References/" again with URL 
addresses included to provide the Examiner access to online materials. 
For instance, the reference Clark et al . , 2005, is a 350+ page document, 
which Applicant has considered would be less burdensome on Examiner if 
presented through online access . Where the Response cites references 
that are short articles or Abstracts and these are part of Declaration 
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Appendix B, then a notation to this effect in the listing of Response 
References will so direct' the Examiner. 

Section 112 claim rejections 

The Examiner has rejected claims 1-7 under 35 U.S.C. §112, first 
paragraph, as being non-enabling for "the full breadth of soluble Fey 
receptors and a method of treating a patient with ALS." Further, 
Examiner states, "The specification does not enable any person skilled 
in the art to which it pertains, or with which it is most nearly 
connected, to make and use the claimed invention commensurate in scope 
with these claims." (O.A., Par. 7). Applicant respectfully traverses 
Examiner's argument. First, the Examiner has not stated a proper basis 
for a non- enablement rejection. Second, the application is enabling and 
the Examiner has failed to show that it is not. Third, the invention 
upon filing was reasonably predictable to be operative. And fourth, 
such operativeness continues to be reasonably predictable in view of 
appropriate and relevant post-filing research and modern references. 

1, The Examiner has not stated a proper basis for a non -enablement 
rejection. 

The Examiner has failed to present a bona fide prima facie case 
that Applicant's disclosure is not enabling for soluble Fey receptors 
other than soluble FC7RIII. The Examiner has rejected claims 1-7 based 
on non-enablement under Section 112, arguing in general terms that the 
specification does not enable any person skilled in the art to make and 
use the claimed invention. The Examiner fails to show any specific 
steps in the manner and process of making and using the invention that 
are not taught, or are missing. 

The Examiner blurs the issues of enablement and operativeness in 
arguing that the claimed method of treating a patient with ALS, more 
particularly by injection of soluble Fcy-RI and Fcy-RII receptors, is not 
supported. In one aspect, the Examiner is trying to rely on Section 112 
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for an inoperativeness rejection; but, Examiner, needing more than doubt 

alone, must use references. However, the Examiner's references are not 

relevant evidence, because they do not discuss use of soluble Fey 

receptors (whereas numerous new references do in fact support the 

reasonableness of a therapeutic scheme according to the invention) . In 

other aspects, the Examiner ignores clear statements in the 
specification in order to allege lack of guidance. 

2. Overcoming Examiner's arguments of non- enablement . 

The Applicant respectfully disagrees with the Examiner's 
assessment that the specification is non-enabling for a method of 
treating ALS by administering an effective amount of soluble Fey 
receptors, wherein said soluble Fey receptors bind to immunoglobulin in 
said patient to treat amytrophic lateral sclerosis, for at least the 
following reasons. To the contrary, the specification as filed enables 
a person skilled in the art to make and use the invention; specific 
guidance is given, and all necessary steps in the manner and process 
of making and using are taught. It is clear that the inventor had the 
invention fully in hand at the time of filing. 

The Examiner admits that "the specification is enabling for a 
method of blocking the cytotoxic activity of FcyRI 1 1 -positive , ALS- 
specific cells in a patient with ALS using soluble FcyRIII." Further, 
Examiner admits that the specification discloses "that the blood of ALS 
patients contains mononuclear cells bearing CD16 and a different number 
of various other receptor proteins as listed in Table 1, and that the 
soluble Fey receptors block the cytotoxic activity of ALS- specific 
cells." (O.A. , Par. 8) . 

Contrary to the Examiner's statement in Par. 9 of the Office 
Action, the specification indeed does provide sufficient guidance and 
direction with respect to soluble Fey receptors as broadly recited. The 
method of the invention is equally enabled in the specification for all 
classes (i.e., RI, RII and RIII) of soluble Fey receptors as much as for 
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any one class of soluble FcyRIII receptors. The entire group of Fey 
receptors (all three classes) is identified in the disclosure, as well 
as the source and derivation of each class sufficient for a skilled 
molecular biologist to obtain any of the group (Specification, page 3, 
final paragraph et seq.), and an appropriate dosage range is given for 
an initial therapeutic scheme from which a skilled medical practitioner 
can derive a therapeutic scheme for each and every soluble Fey receptor 
in the group, i.e., 10-1,000 mg/kg for soluble Fey receptors. (see 
Specification, page 6) . Further, methods of producing the full breadth 
of soluble Fey receptors have been known in the art since prior to the 
filing date sufficiently for a trained molecular biologist to obtain the 
required substances (e.g., see Sautes et al . , 1994). And, Example 1 in 
Applicant's disclosure teaches broadly FcyRs produced from E. Coli 
fusion proteins. 

The Examiner further states that the specification does not 

adequately teach how to effectively treat ALS or reach any therapeutic 

endpoint in patients by administering soluble Fey receptors, and that 

the Example 1 on page 8 of the specification "merely showed toleration 

test for soluble Fey preparations." (O.A*, Par. 10). Applicant 

respectfully requests that the Examiner read Example 1 again and more 

closely. To the contrary, with regard to therapeutic regimen, Example 

1 does not merely disclose a toleration test; rather, the Example 

provides guidance for a therapeutic scheme for the full breadth of 

soluble Fey receptors whereby one begins with a toleration test of 10- 

1,000 mg/kg, and then administers " subsequently 150 mg/weight kg 

daily, over a period of 5 days." (Example 1, page 8). Further, 

Applicant clearly discloses a range for adminstering the full breadth 

of therapeutic dosage of Fey receptors, including very specific 

guidance for adjusting dosage based on observed response, 

"Said substances will therefore be applied in the respective 
therapeutic dosage and after a toleration test in bolus 
[...]. Approximate values are the following concentrations, 
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for example : [...], for soluble Fey receptors (10 to 1,000 
mg/kg ) ,[...] 

However, an exact therapeutic dose can only be decided 
with respect to the individual case concerned. It depends , 
amongst other things, on the response of the Fey receptor- 
positive cells to the administration of the substances as 
indicated in claim 1 and on the individual toleration which 
may be determined by single bolus administrations (see 
example 1) . Suc h response may e.g. be established by the 
determination of the number of such cellular forms in the 
blood or by in-vitro cytotoxicity assays ." (Specification at 
page 6, last paragraph and page 7, first two paragraphs) 

Contrary to the view of the Examiner, how to effectively treat ALS 
and reach a therapeutic endpoint is specifically addressed in the 
disclosure, as follows (emphasis supplied) , 

w 2. Based on the knowledge, according to the invention, of 
the ALS specific surface characteristics, i.e. the 
combinatorial receptor patterns of these cells (see Table 1) , 
it is possible to ascertain before each therapy whether these 
cells are pr e s ent at all, or, after their isolation and in- 
vitro testing, to determine whether they exhibit any 
cytotoxic, in particular, neurotoxic, activity . 

3. Based on the knowledge, according to the invention, of 
the cell surface characteristics of these cells, the 
the r apeu t i ca 1 succe s s can not only be determined clinically, 
but also on a cellular level, with the therapy according to 
claim 1 in full progress, by the examination of blood samples 
for a therapy- related decrease in the number, or even a total 
elimination of the Fey receptor-positive cellular forms from 
the blood stream . 

4. Based on the findings of above step 3, the dosage of 
the administered substances may be adapted accordingly, i.e. 
increased or decreased, depending on whether or not there is 
a response in the Fey receptor-positive cellular forms . 

5 . [ . . . ] a disease -specific cell parameter for ALS , it 
is possible to correlate the clinical course of the disease 
precisely with this parameter , so that [..-] a re -increase of 
the [...] cells will allow exact determination of the time 
for a further therapy cycle . " (see Specification at page 7, 
numbered paragraphs 2-5) . 

A therapeutic endpoint is specifically disclosed in quoted 
paragraph #3 above. This guidance on how to treat, together with the 
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specified endpoint, provides adequate teaching for a skilled medical 
doctor to treat ALS patients with the method of the claimed invention. 

Finally, the Examiner argues (O.A. , par. 11) that the claimed 
invention cannot be practiced without undue experimentation; however, 
the Examiner fails to provide any specific examples of where any 
experimentation would be required. In molecular biology and medical 
practice, adjustments in values are normal and expected and within the 
ordinary skills of these professionals in each field to fit individual 
conditions; this is not undue and no "invention" is required. Example 
1 and the "solution advantage" step #3 in Applicant's specification 
(page 7) provide adequate guidance and direction so that adjustments 
can proceed without undue experimentation. The patent laws do not 
require applicant to teach at the cookbook recipe level. 

3. No legitimate question of operativeness exists. 

Based on the subject matter, the in vitro studies cited, and the 
other research results disclosed in the specification, the 
operativeness of the invention is reasonably predictable as of the 
date of filing of the application 

The invention relates to use of substances for the selective 
suppression, destruction or selective functional blocking of ALS- 
specific, Fey receptor-positive cellular forms, or blocking or 
functional inactivation of Fey receptors, by infusion or injection of 
soluble Fey receptors into the serum of ALS patients. The therapeutic 
strategy is to bind the gamma region of the IgGl and IgG3 in the serum 
of patients with these introduced soluble Fey receptors, for the 
purpose of preventing the FcyR-positive macrophage cells from being 
activated by said IgGl and IgG3 . 

That the ALS disease mechanism involves FcyRX I I -positive 
macrophage activation is supported by the inventor's research results 
disclosed in the specification . These results show that ALS disease- 
specific, combinatorial patterns exist on the cell surfaces of ALS 
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patients, and further that the FcyRIII sub-class of Fey receptors (the 
subclass known as CD16) is associated on these particular cell 
surfaces of ALS patients with the abnormal presence of CD2, CD56, HLA- 
DR, and/or CD7 and the abnormal absence of CD3 8 and/or CD62L (see 
Table 1 in Specification; also see Table 4 in Appendix A of 
Applicant's Declaration, attached hereto). 

As noted above, the Examiner admits that the specification 
discloses "that the blood of ALS patients contains mononuclear cells 
bearing CD16 and a different number of various other receptor proteins 
as listed in Table 1, and that the soluble Fey receptors block the 
cytotoxic activity of ALS-specific cells." (O.A>, Par. 8). 

A therapeutic treatment strategy does not have to be proven to be 
a "cure," nor must it be proven to be optimally effective, to be 
deserving of patent protection, so long as the method can be 
reasonably predicted to have a therapeutic effect. 

Operativeness of Applicant's invention, in terms of the efficacy 
of the claimed method of treating a patient with ALS, was reasonably 
predictable at time of filing, based on in vitro studies disclosed in 
the specification at pages 5-6. At the time of filing, it was 
reasonably predictable in light of the specification that amyotrophic 
lateral sclerosis (ALS) could be treated by administering soluble Fcy- 
RI, Fcy-RII, and/ or Fcy-RIII receptors to effect Fc receptor blockade. 
Reasonably logical and plausible mechanisms for soluble FcyR receptors 
to impact ALS disease through immunopathological mechanisms existed and 
were apparent to the Applicant. 

The existence of specific cellular forms and immunnopathomechanism 
has been confirmed by examinations disclosed by the Applicant in the 
specification. The blood of ALS patients contain mononucleic cells 
bearing Fey receptors on their cellular surfaces, additionally or 
simultaneously bearing a different number of various other receptor 
proteins which exhibit an unusual form of cellular surface activation in 
combination with Fey receptors, such as, for example, with FcyRIII (CD16) 
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(see specification, Table 1, and page 5, third full paragraph) . These 
cells, after being isolated from the blood of ALS patients, were co- 
cultivated with nerve cells and serum of ALS patients to display a 
cytotoxic activity, which activity could be blocked by soluble Fey 
receptors at a concentration of between 10 and 60 umol (see Applicant's 
Specification at page 6, second paragraph) . 

As detailed in the inventor's Declaration, the ALS-specif ic immune 
cells are characterized by specific protein combinations, which 
combinations identify Fey receptor as key proteins. The report attached 
to the Declaration (Appendix A) provides results of comparison between 
occurrence of Fey receptor in the immune cells of normal individuals 
versus occurrence in immune cells of patients with ALS. Applicant's 
technology of toponomic fingerprinting (TF) allows Applicant to identify 
a characteristic collection of combinatorial protein patterns (CPP) 
which contain protein clusters that are highly specific for a cell type, 
for a functional state of a cell (e.g., as in disease), or for a tissue. 
The present invention provides for a therapeutic method deriving 
directly from this important TF assessment and knowledge as it pertains 
to ALS-diseased cells, i.e., the value of interrupting the CD-16 
receptor activation within these ALS- specific protein clusters by tying 
up IgG gamma- chain sites in serum by using any of the classes of soluble 
FcyRs in serum, creating the result that the serum-borne IgG is 
thereupon diminished in its ability to bind those cell -surface CD-16 
receptors existing in the cell -surface protein network. 

Table 4 of Applicant's Report attached to Applicant's Declaration 
(see page 17 of Declaration Appendix A) , provides a list of ALS -specific 
motifs , i.e., most -significant abnormal, cell -surface, protein clusters 
in ALS . Table 5 (page 20 of Appendix A) , provides a comparison of 
normal versus disease. GDI 6 (FCyRUI) was t he leading protein found to 
be present with significant frequency on the surface of macrophage cells 
in ALS patients. W hile the data indicate that CD16 is the leading 
protein in both healthy and ALS blood cells, the motifs were found to be 
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inherently different See Declaration, paragraph 13) . ALS-spec ific cell 



di f f eren t iat ion . Moreover, CD16 can be indicated as a valid peripheral 
biomarker for ALS and a basis for CD16-oriented modification therapy 
(see Declaration, paragraph 13) . 

A medical conclusion from this evidence, which was reached by the 
inventor at the time of filing and which would be reasonably apparent 
to others skilled in the relevant art when armed with the disclosure, 
is that these abnormally patterned, ALS -disease -spec if ic macrophage 
cells are directly related to the disease mechanism, i.e., in ALS 
patients these abnormal, FcyRXII receptor-positive macrophages are 
being activated in a manner and rate that is slowly killing the 
patient. Further, it is logical and reasonable to predict, solely 
from the inventor's research results disclosed in the specification, 
that any substance introduced to the serum that would selectively bind 
the constant gamma chain of immunoglobulin in the serum , i.e., any 
soluble Fey receptor , would thereby selectively deprive the FcyRIII 
receptors on the ALS -disease -specif ic immune cells from binding with 
said immunoglobulin , and thus would block activation of these disease - 
specific immune cells with predictable benefit to the patient thereby 
(see Declaration, Par. 14) . 

The Examiner cites no specific reason why the full breadth of 
soluble Fey receptors being engaged in the blocking of disease- specif ic 
immune cells does not, would not or could not work, nor does Examiner 
specify evidence to justify Examiner's arbitrary drawing of a line 
between the efficacy of soluble FcyRIII and the efficacy of FcyRI and 
FcyRII for the same purposes and successful effect of the invention. 
Examiner cites Nakamura et al . for the position that each of the three 
classes of Fey receptorB encodes by different genes and has different 
affinity for IgG; however, the Examiner makes no further specific 
connection between this assertion and its relevance to either 
enablement or operativeness . In fact, nothing in Nakamura et al . 



surface protein clusters indicate presence of abnormal cell surface 
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speaks against the operativeness of the invention. The structure of 
the full breadth of Fey receptors is similar with respect to the 
structure of the y- chain constant fragment in the compounds of each 
class of receptor. The transmembrane form of FcyRIII associates with 
the y- chain subunit of FcyRI 7 and it has structural similarity with 
FcyRI and FcyRII ( http :/ /www. biology- 
online .org/dictionary/fc receptors ) . Thus, soluble FcyRI, FcyRII and 
FcyRIII present substantially the same capability with respect to the 
invention insofar as they all will bind the gamma (y) -chain region on 
IgG in serum. Therefore, all three classes of these compounds operate 
in similar fashion to prevent blood-borne IgG from subsequently 
activating the FcyRIII -positive, ALS-disease-specif ic immune cells (see 
Applicant's Declaration at Par. 7, 14 and 15), 

The Examiner states (0,A. , Par. 10) that, "It is not clear that 
reliance on example 1 and the fact that ALS-specif ic cells having Fey 
receptors [?] accurately reflect the efficacy of the claimed method of 
treating a patient with ALS." Citing McGeer et al . , the Examiner 
asserts that n the state of the art recognizes that the mechanisms and 
processes responsible for the selective loss of motor neurons are 
still unknown and there is no cure or effective treatment presently 
exist [ing] . " Applicant respectfully submits that the McGeer article 
as cited by the Examiner is not a reasonable reference against 
operativeness in the present case. As pointed out in the inventor's 
attached Declaration, McGeer et al . reviews a set of therapeutic 
schemes that neither includes nor is related to the therapeutic 
strategy of the invention . 

Similarly, the remaining two references cited by the Examiner, 
Dalakas et al . and Rudnicki et al . , have no logical bearing on 
potential applicability of treatment of ALS by injecting soluble FcyR 
receptors. With regard to Rudnicki et al . (198 7) it is not relevant 
that, many years prior to the Applicant's filing of Applicant's 
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invention, these researchers reported, for one ALS patient with 
increased serum IgG, that lowering the serum concentration of IgG with 
immuno-supressive agents and plasmaphoresis was not effective in 
treating the patient. This has no logical bearing because (a) 
Rudnicki et al . only reduced postpheresis serum IgG to 876 mg/dl which 
is still within a normal range and, most importantly, (b) there is no 
indication that Rudnicki et al . reduced activation of the FcyRIII 
receptor-positive, ALS-disease-specif ic , immune cells. Similarly, the 
conclusion of Dalakas et al . , i.e., that high-dose intravenous 
immunoglobulin is not an effective treatment for ALS, in no way 
contradicts Applicant's results or therapeutic strategy according to 
the invention. Indeed, if IgG binding to the FcyRIII -positive , ALS- 
disease-specif ic immune cells operates to activate these cells and to 
cause damage to the patient, then one would expect that increasing IgG 
levels in the blood, in the absence of selectively disabling the 
binding of the IgG to these particular Fcg receptors embedded on the 
s urface of the immune cell , would worsen the patient's condition. In 
other words, the Dalakas et al . method of "blocking" Fey receptors with 
IgG-binding would not be predicted to be very effective if this 
binding step in fact operates to activate the ALS-disease-specif ic 
immune cells cells. Exactly to the contrary, Applicant's therapeutic 
strategy according to the invention is to prevent such IgG~binding at 
the embedded Fey receptor sites on the ALS-disease-specif ic immune cell 
surfaces by earlier binding this IgG in serum using the full breadth 
of soluble Fey receptors, in order to specifically prevent activation 
of these disease- specif ic cells. 

In assessing operativeness of Applicant's invention, then, the 
Examiner has not only incorrectly assessed the state of the art in ALS 
research with regard to soluble Fey receptors, the Examiner has applied 
references that are not logically relevant to the question of 
predicting operativeness of Applicant's invention. 
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4. Biomedical research post-filing continues to support 
predictability of operativeness . 

Continuing medical research into one or more immunopathological 
mechanisms supports the predictability of operativeness of Applicant's 
invention, such as, for instance, blocking of the Fey receptor-mediated 
cytotoxic activity of the ALS-specif ic Fey receptor- positive immune 
cells, so as to prevent the direct or indirect pathological effects of 
these mechanisms on the motoneuron system in ALS patients. 

It is recognized that Fey receptors play critical roles in 
autoimmune diseases (Alerio, 20 06) , for instance through phagocytosis 
and subsequent oxidative stress. Evidence of increased oxidative stress 
damaging tissues and DMA of ALS patients has been reported {Ferrante et 
al . , 1997). Over the past 40 years, oxidative stress has been one of 
the six major etiological assumptions underlying ALS clinical trials 
(Clark et al., 2005, p. 147). Aggregation of receptors (FcyRs) for IgG 
leads to a number of cellular responses, including endocytosis and 
phagocytosis, which in turn stimulate cytokine release and activating 
NADPH oxidative bursts (Alerio, 2006) , Also, FcyRs are now thought to 
participate in IgG uptake into motor neurons as well as IgG-mediated 
increases in intracellular calcium and acetylcholine release from motor 
axon terminals (Mohamed, 2002) , and details are emerging on how 
increasing intracellular calcium is associated with cell death (Brevnova 
et al. , 2004) . 

Recent studies using FcR-def icient mice reveal that the 
development of autoimmune diseases depends upon FcyRs and that FcyRs 
mediate and control the effector functions of IgG antibodies and the 
autoimmunity- tolerance balance in the periphery (see Applicant's 
Declaration, citing Suates-Fridan, 2003) . FcyRI uses the y-chain to 
recruit tyrosine kinases to initiate signal transduction. The y-chain 
is a small membrane -anchored protein that contains an immunoreceptor 
tyrosine activation motif (ITAM) . It assists signal transduction for a 
number of Fc receptors receptor including FcyRI, FceRl , FcaRI and FcyRIII 
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(Alirio, 2006). Immune cells (e.g., macrophages) with impaired FcyR 
function show impaired phagocytosis, owing to co-engagement of Fc^Rs 
during phagocytosis effectively triggering activation of the Src 
tyrosine-kinase family, which phosphorylates ITAM (Nakamura et al., 
2005, p. 175) . 

Clinical trials have not yet tested administration of soluble 
FcyRs for ALS. To date, immunosuppressant strategies in clinical 
trials have been only cyclosporine , prednisolone, azathiprene, 
cylophosphadine and radiation (Clark et al . , 2005) . In 2006, soluble 
Fey receptors are still categorized as "new leads" by the ALS Therapy 
Development Foundation [see attached ALS-TDF Web page] . 

Therefore, the growing body of biomedical research provides 
evidence and support for immunopathological mechanisms implicated in ALS 
disease that call for implementing Applicant's invention in clinical 
trials for ALS patients, therapies that would include using the full 
breadth of soluble Fey receptors to block activation of FcyRIII -positive 
ALS disease-specific immune cells; thus, showing the continuing, 
reasonable predictability of the operativeness of Applicant's invention. 

For the foregoing reasons. Applicant respectfully traverses 
Examiner's rejection of Claims 1-7. Applicant respectfully requests 
reconsideration and withdrawal of the foregoing rejection. 
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CONCLUSION 

In view of the foregoing Remarks and attached Declaration of the 
inventor and other supporting references, Applicant believes that the 
present application is in condition for allowance. 

The Examiner is encouraged to telephone the undersigned attorney 
to discuss any matter that would expedite allowance of the present 
application. 



Respectfully submitted, 



WALTER SCHUBERT 




Attorney for Applicant (s) 

WEINGARTEN, SCHURGIN, 

GAGNEBIN & LEBOVICI LLP 
Ten Post Office Square 
Boston, MA 02109 
Telephone: (617) 542-2290 
Telecopier: (617) 451-0313 
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RESPONSE APPENDIX 1 RESPONSE REFERENCES 



Sautes et al . , 1994. [see Declaration Appendix B for Abstract] 

Recombinant soluble Fc gamma receptors: production, purification 
and biological activities. Sautes C, Galinha A, Bouchard C, Mazieres 
N, Spagnoli R, Fridman WH. J Chromatogr B Biomed Appl . 1994 Dec 
9;662 (2) :197-207. 

http : //www . ncbi . nltn . nih . gov/entrez/query . f cgi?cmd=:Retrieve&db=PubMed&l 
ist uids=7719476&dopt=Abstract 

Biology-online, 2006: [see copy of web page attached] 

http : / /www. biology- online . org/dictionary/f c receptors 

Alirio, 2006: [see copy of web page attached] 

http: //www. med.nus. edu . sg/phys/Proj ects FcgR Alirio. htm 



Ferrante et al. r 1997: [copy of Abstract attached] 

Evidence of increased oxidative damage in both sporadic and 
familial amyotrophic lateral sclerosis. Ferrante RJ, Browne SE, 
Shinobu LA, Bowling AC, Baik MJ, MacGarvey U, Kowall NW, Brown RH Jr, 
Beal MF. J Neurochem. 1997 Nov? 69 (5) : 2064-74 . 

http : //www. ncbi . nlm .nih.gov/entrez/query . f cgi?cmd=retrieve&db-pubmed&l 
ist uids~934 9552&dopt=Abstract 



Clark et al . , 2005: [359 page document; accessible online] 

^Amyotrophic Lateral Sclerosis: A report on the state of research 
into the cause, cure, and prevention of ALS , " June 2 0 05; J. Clark, C. 
Pritchard, S. Sunak; Prepared for the Dept. of Public Health, State of 
Massachusetts by the ALS Therapy Development Foundation ; 
http: //www.als . net /docs/ ALSReport .pdf 



Mohamed et al . , 2002: [copy of Abstract attached] 

Immunoglobulin Fc gamma receptor promotes immunoglobulin uptake, 
immunoglobulin -mediated calcium increase, and neurotransmitter release 
in motor neurons. Mohamed HA, Mosier DR, Zou LL, Siklos L, Alexianu 
ME, Engelhardt JI, Beers DR, Le WD, Appel SH. J Neurosci Res, 2002 
Jul 1;69(1) :110-6. 

http; //www. ncbi .nlm. nih. gov/entrez/query . f cgi?cmd=Retrieve&db=PubMed&l 
ist uids=12 11182 2&dopt=Citat ion 
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(RESPONSE APPENDIX 1, cont. -- RESPONSE REFERENCES) 



Brevnova et al . , 2004: [see article attached hereto] 

Overexpression of human KCNA5 increases IK(V) and enhances 
apoptosis; Brevnova, E. E., O. Platoshyn, S. Zhang, and J. X.-J. Yuan. 
Am J Physiol Cell Physiol 287: C715-C722, 2004. 
http://ajpcell .physiology. org/cgi/content/full/287/3/C7l5 



Sautes-Fridman et al . , 2003: [see Declaration Appendix B for article] 

Fc Gamma Receptors: A magic link with the outside world. Catherine 
Sautes-Fridman, Lydie Cassard, Joel Cohen-Solal and Wolf-Herman 
Fridman. ASHI Quarterly, 4 th Quarter, 2003, p. 148-151 
http : //www. ashi- 

hla.org/publicationfiles/ASHI Quarterly/27 4 2003/Fc Gamma Rec.pdf 



Nakamura et al . , 2005. [Examiner cited] 

Fc receptor targeting in the treatment of allergy, autoimmune 
diseases and cancer. Nakamura, A., K. Akiyama, and T. Takai . Expert 
Opin. Ther. Targets (2005) 9(1):169-190 
ht tp : / / www . ashley^ 

pub. com/doi/abs/10 . 1517/14728222 .9.1. 169 ? j sessionid=ihuMe4IGGJW9NTjBlL 
?cookieSet=l&journalCode=ett 

ALS Web page: [see Declaration Appendix B; one page] 

http : //www . als . net /research/ treatment s/treatmentPetail . asp?treatcnentID 
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Fc receptors 



(Science: immunology) Receptors for the Fc portion of immunoglobulins . 

Fc_R (30 kD) is the receptor for serum and secretory lgA1 or lgA2 and is expressed on most 
myeloid cells and subpopulations of T and B-cells . Fc_RI (CD64) High affinity receptor (72 kD on 
gels) for monomelic lgG1 found on monocytes , macrophages and some neutrophils . The 
extracellular portion has three immunoglobulin superfamilv C2 domains , in contrast to Fc_RII, 
Fc_RIH that have only two. Involved in antibody dependent cell killing and in clearance of immune 
complexes . Fc_RII (CD32) Low affinity receptor 40 kD) for aggregated |gG that exists in several 
sub typ es coded by three closely related genes . A, B and C. All forms are found on monocytes , 
the B forms (that are alternatively spliced) are found on B-cells . the A and C forms are present on 
neutrophils . Binding of aggregated IgG will trigger phagocytosis and the oxidative burst in 
neutrophils. Fc_RIII (CD16) Is the low affinity receptor (50-80 kD on gels) for aggregated IgG. It is 
found in transmembrane and GPi linked forms. The transmembrane form associates with the _ 
subunit of Fc_RI or the TCR_ chain and on B-cells with the _ chain of Fc_RI. Has structural 
similarity with Fc_RI, Fc_RII and Fc_RI_. Binding of aggregated IgG or IgG anti gen complexes 
mediates phagocytosis or antibody dependent cellular cytotoxicity . Fc_RI is a hsteromeric high 
affinity receptor for JgE found on mast cells and basophils . The _ chain (45-65 kD on gels, 25 kD 
of polypetlde) is N glycosylated and has two immunoglobulin C2 loops in addition to the 
transmembrane domain, the _ chain (32 kD) has four transmembrane domains , the _ subunit is a 
homodimer (8 kD monomer) identical to the _ subunit of CD16 and has similarity with _ and _ 
chains associated with the T-cell receptor . Binding of antigen to the IgE Fc_R complex triggers 
the release of histamine and various inflammatory mediators . Fc_Rlla & b CD23) Low affinity 
receptor (45 kD) for IgE. Both a and b are present on mature B-cells . the b form on monocytes, 
IL-4 activated macrophages , eosinophils , platfrtets and dendritic cells. The protein has a C type 
lectin domain that mediates IgE binding and can be cleaved from the membrane to yield an active 
soluble form. 
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Molecular mechanisms used by Fc-gamma receptors to trigger physiological responses Page 1 of 1 

Molecular mechanisms used by Fc-gammaaneGeptoBSioto^tnigger - 
physiological responses. 

Receptors for the constant region (Fc) of immunoglobulins play a pivotal role linking the humoral and cellular 
arms of the immune system. On leukocytes, aggregation of receptors (FcgRs) for immunoglobulin G (igG) 
leads to a number of cellular responses including the internalisation of immune complexes (endocytosis), 
and/or of opsonised large particles/cells (phagocytosis). IgG -triggered Endocytosis or phagocytosis, 
stimulate a number of down-stream events including cytokine and matrix-protease release, activation of the 
NADPH oxidative burst, the production of eicosanoids (leukotriens and prostaglandins) and cellular migration. 
It also results In antigen presentation in association with either MHC Class I or II, resulting in CD8+ or CD4+ 
T cell activation respectively. In contrast, internalisation of apoptotic cells results in either no antigen 
presentation (degradation) or to presentation in the absence of activating co-receptors which Induces T cell 
anergy and self tolerance. Fc g receptors specific for IgG (FcgRs) have been implicated in the pathogenesis of 
several diseases, In particular In inflammatory autoimmune diseases such as, systemic lupus erythromatous 
and rheumatoid arthritis. These Fc receptors, therefore, play critical roles in host defense mechanisms against 
invading pathogens, in auto-immune diseases and In cancer surveillance. 

To mediate cell activation, the Fc-receptor initiates intracellular signalling cascades through the recruitment 
and activation of non-receptor tyrosine kinases. The cytoplasmic tail of the high affinity receptor for IgG, 
FcgRI, contains no recognised motif capable of activating tyrosine kinases. This receptor must recruit an 
accessory molecule to initiate signal transduction through the recruitment of non-receptor tyrosine kinases 
and the g chain has been shown to fulfil this role. The g chain exists as a homodimer being a small 7kDa 
membrane anchored protein that contains an immunoreceptor tyrosine activation motif (ITAM). It acts as the 
accessory molecule for signal transduction for a number of receptor including FcgRI, FceRI, FcaRI and 
FcgRIII. We have recently reported that, in interferon-g (IFNg) primed U937 cells, the g chain functionally 
couples FcgRI to a novel signalling pathway that involves the sequential activation of PI3-kinases, 
phosphatidyl choline phospholipase D (PLD) and sphingosine kinase.This pathway is necessary for efficient 
intracellular trafficking of FcgRI-internalised Immune complexes to lysosomes for degradation the release of 
calcium from Intracellular stores and the activation of the NADPH oxidase. 

Our aim is to further investigate the molecular mechanisms that control FcgR-triggered physiological 
responses, including the release of enzymes from internal stores (degranulation), matrix metalloproteinase 
(MMP) release, cytokine release, the generation of leukotriens and prostaglandins (eicosanoids), 
internalisation, and antigen presentation, in inflammatory models, in order to Identify key signalling molecules 
as target for novel therapeutic to treat inflammatory and autoimmune conditions. 
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Evidence of increased oxidative damage in both sporadic and 
familial amyotrophic lateral sclerosis. 

Ferrante RJ, BrowneSE, ShimbjlJLA, Boiling AC, BaikML 
MacGaryeyJLI, Ko^al! JSffi, BroiYnJRttJi;, BeaLME. 

Geriatric Research Education Clinical Center, VA Medical Center, Bedford, 
Massachusetts, U.S.A. 

Some cases of autosomal dominant familial amyotrophic lateral sclerosis 
(FALS) are associated with mutations in the gene encoding Cu/Zn 
superoxide dismutase (SOD1), suggesting that oxidative damage may play a 
role in ALS pathogenesis. To further investigate the biochemical features of 
FALS and sporadic ALS (SALS), we examined markers of oxidative 
damage to protein, lipids, and DNA in motor cortex (Brodmann area 4), 
parietal cortex (Brodmann area 40), and cerebellum from control subjects, 
FALS patients with and without known SOD mutations, SALS patients, and 
disease controls (Pick's disease, progressive supranuclear palsy, diffuse 
Lewy body disease). Protein carbonyl and nuclear DNA 8-hydroxy-2- 
deoxyguanosine (OH8dG) levels were increased in SALS motor cortex but 
not in FALS patients. Malondialdehyde levels showed no significant 
changes. Immunohistochemical studies showed increased neuronal staining 
for hemeoxygenase-1, malondialdehyde-modified protein, and OH8dG in 
both SALS and FALS spinal cord. These studies therefore provide further 
evidence that oxidative damage may play a role in the pathogenesis of 
neuronal degeneration in both SALS and FALS. 

PMID: 9349552 [PubMed - indexed for MEDLINE] 
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Immunoglobulin Fc gamma receptor promotes 
immunoglobulin uptake, immunoglobulin-mediated calcium 
increase, and neurotransmitter release in motor neurons. 

Mohamed HA. Mosier DR. ZouJLL, Siklos L. Alexianu ME. En gelhardt 
JL Beers P R , jU WP, A ppel SH . 

Department of Neurology, Baylor College of Medicine, Houston, Texas 
77030, USA. 

Receptors for the Fc portion of immunoglobulin G (IgG; FcgammaRs) 
facilitate IgG uptake by effector cells as well as cellular responses initiated 
by IgG binding/ In earlier studies, we demonstrated that amyotrophic lateral 
sclerosis (ALS) patient IgG can be taken up by motor neuron terminals and 
transported retrogradely to the cell body and can alter the function of 
neuromuscular synapses, such as increasing intracellular calcium and 
spontaneous transmitter release from motor axon terminals after passive 
transfer. In the present study, we examined whether FcgammaR-mediated 
processes can contribute to these effects of ALS patient immunoglobulins. F 
(ab')(2) fragments (which lack the Fc portion) of ALS patient IgG were not 
taken up by motor axon terminals and were not retrogradely transported. 
Furthermore, in a genetically modified mouse lacking the gamma subunit of 
the FcR, the uptake of whole ALS IgG and its ability to enhance 
intracellular calcium and acetylcholine release were markedly attenuated. 
These data suggest that FcgammaRs appear to participate in IgG uptake into 
motor neurons as well as IgG-mediated increases in intracellular calcium 
and acetylcholine release from motor axon terminals. Copyright 2002 
Wiley-Liss, Inc. 
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Am J Physiol Cell Physiol 287: C71 5-C722, 2004. 
First published May 12, 2004: 10.1 152/BjpccI!.00O5O.2QO4. 



| Overexpression of human KCNA5 increases / K(V ) and enhances apoptosis 

Elena E. Brevnova, Oleksandr Ptatoshyn, Shen Zhang, and Jason X.-J. Yuan 

Division of Pulmonary and Critical Care Medicine, Department 
of Medicine, University of California, San Diego, La Jofla, California 92093-0725 
Submitted 26 January 2004; accepted in final form 5 May 2004 



Brevnova, Elena E., Oleksandr Platosbyn, Shen Zhang, and 
I Jason X.-J. Yuan. Overexpression of human KCNAS increases / K <v) 
I and enhances apoptosis. Am J Physio! Cell Physiol 287: C715-C722, 
12004. First published May 12, 2004; 10. II 52/ajpcell. 0005 0.2004.— 
I Apoptotic cell shrinkage, an early hallmark of apoptosis, is regulated 
I by K.' efflux and K w channel activity. Inhibited apoptosis and 
I downrcgulated JC + channels in pulmonary artery smooth muscle cells 
I (PASMC) have been implicated in development of pulmonary vascu- 
] lar medial hypertrophy and pulmonary hypertension. The objective of 
I this study was to test the hypothesis that overexpression of KCNAS \ 
I which encodes a delayed-rectifier voltage-gated K + (Kv) channel, 
J increases K. + currents and enhances apoptosis. Transient transfection 
I of KCNAS caused 25- to 34-fold increase in KCNA5 channel protein 
I level and 24- to 29-fold increase in Kv channel current (/km) at +60 
mV in COS-7 and rat PASMC, respectively. In XTW/15-transfected 
I COS-7 ceils, staurosporinc (ST)-mediated increases in caspasc-3 ac- 
Itivity and the percentage of cells undergoing apoptosis were both 
I enhanced, whereas basal apoptosis (without ST stimulation) was 
I unchanged compared with cells transfected with an empty vector. In 
1 rat PASMC, however, transfection of KCNAS alone caused marked 
I increase in basal apoptosis, in addition to enhancing ST-mediated 
I apoptosis. Furthermore, ST-induced apoptotic cell shrinkage was 
I significantly accelerated in COS-7 cells and rat PASMC transfected 
I with KCNAS, and blockade of KCNAS channels with 4-arainopyri- 
Idine (4-AP) reduced K + currents through KCNAS channels and 
I inhibited ST-induced apoptosis in tfCyMJ-transfected COS-7 cells. 
I Overexpression of the human KCNAS gene increases K + currents 
I (i.e., K~*~ efflux or loss), accelerates apoptotic volume decrease 
I (AVD), increases caspase-3 activity, and induces apoptosis. Induction 
I of apoptosis in PASMC by KCNAS gene transfer may serve as an 
I important strategy for preventing the progression of pulmonary vas- 
I cular wall thickening and for treating patients with idiopathic pulmo- 
I nary arterial hypertension (IPAH). 

I potassium ion channel; pulmonary hypertension 



Japoptosjs regulates cell homeostasis by removal of excess 
I cells or cells with genetic damage and developmental muta- 
I tions (49). Dysfunction or abnormal regulation of this process 
has been implicated in atherosclerosis, cancer, neurodegenera- 
tive disorders, and pulmonary vascular disease (12, 28, 29). At 
the cellular and molecular levels, apoptosis is characterized by 
I a distinct series of morphological and biochemical changes that 
j include cell shrinkage, caspase activation, and DNA fragmen- 
[tation (13, 49). 

Apoptotic cell shrinkage or volume decrease, an early hall- 
Imark of apoptosis, is a necessary prerequisite for the pro- 
grammed cell death to occur (5, 11, 21, 24). Cell volume is 
I primarily controlled by intracellular ion homeostasis; thus ion 
I transport across the plasma membrane is important for the 



regulation of cell volume (20, 24). K + is the dominant cation 
in the cytoplasm (~I40 mM) and thus plays a critical role in 
maintaining cell volume. Opening of sarcolemmal K + chan- 
nels Increases efflux or loss of cytoplasmic and induces 
apoptotic volume decrease (AVD), whereas closure or down- 
regulation of K + channels decelerates apoptotic cell shrinkage 
and attenuates apoptosis (4, 5, 11, 18, 21, 23 , 36, 38, 40, 41). 
Jn addition to its role in the control of cell volume, mainte- 
nance of a high cytosolic K* concentration ([K + ] c ) is required 
for suppression of caspases and nucleases (14), the final me- 
diators of apoptosis (13, 49). Therefore, enhanced K + efflux is 
an essential mediator not only of early apoptotic cell shrinkage 
but also of downstream caspase activation and DNA fragmen- 
tation (24). 

Pulmonary vasoconstriction and vascular remodeling are 
major causes for the elevated pulmonary vascular resistance in 
patients with idiopathic pulmonary arterial hypertension 
(IPAH). Pulmonary vascular remodeling is characterized by a 
combined adventitial, medial, and intimal hypertrophy. The 
pulmonary artery medial hypertrophy is mainly due to in- 
creased proliferation and/or decreased apoptosis of pulmonary 
artery smooth muscle cells (PASMC) (28, 29, 31, 35). 

Down regulation and dysfunction of voltage-gated K. + (Kv) 
channels in PASMC have been, implicated in animals with 
hypoxia-mediated pulmonary hypertension (8, 15, 26, 33, 38, 
44) and patients with IPAH (42, 46). The decreased Kv channel 
activity not only causes pulmonary vasoconstriction by induc- 
ing membrane depolarization and increases in cytoplasmic 
Ca 2 * concentration ([Ca 2+ J cyt ) in PASMC (43) but also con- 
tributes to pulmonary vascular medial hypertrophy by inhibit- 
ing apoptotic cell shrinkage and apoptosis (48). 

KCNAS (Kvl.S) is a poTe-forming oc-subunit that forms 
hetero- or homotetrameric Kv channels in many cell types 
including vascular smooth muscle cells (3, 8, 47). Normal 
expression and function of KCNAS channels in PASMC are 
necessary for the regulation of resting membrane potential and 
pulmonary vascular tone (3, 43). It has been reported that 
KCNA5 channel expression is downregulated and Kv currents 
are inhibited in PASMC from animals and patients with hy- 
poxia- mediated pulmonary hypertension (3, 27, 38) and IPAH 
(46). In vivo gene transfer of KCNAS with an adenoviral vector 
can inhibit hypoxia-mediated pulmonary arterial medial hyper- 
trophy (27), suggesting that enhancing KCNAS protein expres- 
sion is a potential therapeutic approach for pulmonary arterial 
hypertension. This study was designed to test the hypothesis 
that overexpression of human KCNAS gene, in addition to 
causing pulmonary vasodilation due to increased Kv channel 
current (/k<v>) and subsequent membrane hyperpolarization, 
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I enhances apoptosis in PASMC, which may contribute to the 
[regression of PASMC hypertrophy and hyperplasia in pulrno- 
I nary hypertension. 

I MATK RIALS AND METHODS 

Celt preparation and culture. All animal procedures in this study 
| conform to the "Guiding Principles for Research Involving Animals 
land Human Beings" of the American Physiological Society. PASMC 
[were prepared from pulmonary arteries of male Sprague-Dawley rats 
1(43). Briefly, the isolated pulmonary arteries were incubated for 20 
jmin in Hanks' balanced salt solution containing 1.5 mg/ml collage- 
jnase (Worthington Biochemical). Adventitia and endothelium were 
I carefully removed after the Incubation. The remaining smooth muscle 
I was then digested with 1.5 mg/ml collagenase and 0.5 mg/ml elastase 
(Sigma) at 37°C. Approximately 45-50 min later, PASMC were 
sedimented by centrifugation, resuspended in fresh media, and placed 
I onto petri dishes or coverslrps. The monkey kidney COS-7 cells 
I (American Type Culture Collection, Manassas, VA) and rat PASMC 
I were both cultured in high-glucose (4.5 g/1) DMEM supplemented 
with 10% fetal calf serum (FCS), 2 mM glutamine, 100 U/ml peni- 
Icillin, and 100 jtg/ml streptomycin (BioFluids) and incubated in 5% 
I CO2 at 37 P C in a humidified atmosphere. 

Constructs. In the KCNA J-pBK construct (kindly provided by Dr. 
jM. Tamkun from Colorado State University, Fort Collins, CO), the 
I coding sequence of the human KCNA 5 gene was subcloned into Xba\ 
land Kpn\ sites of multiple cloning site (MCS) of the phagemid 
I expression vector pBK-CMV (Stratngcne). For electrophysiological 
I experiments, a KCNA5-GFP construct was designed to visualize the 
] transfected cells. In the KCNA5-GTP construct, the coding sequence 
I of the human KCNA5 gene was subcloned into EcoRl and Xba\ shes 
I of MCS of the pCMS-EGFP mammalian expression vector (Clon- 
I tech). In the pCMS-EGFP vector, the EGFP gene [which encodes the 
I enhanced green fluorescent protein (GFP), a red-shifted variant of 
1 wild-type GFP from Aquorea victoria] is expressed separately from 
I the gene of interest and is used as a transfection marker. 

Transfection of KCNA5. COS-7 cells and rat PASMC were tran- 
Isieutly transfected with the expression constructs by using Lipo- 
] fectamine reagent according to the manufacturer's instruction. Briefly, 
I cells were first split and then cultured for 24 h. Transfection was 
I performed on 40-80% confluent cells at 37°C in serum-free Opti- 
MEM I medium (Invitrogen) with 1 .6 u.g/ml DNA and 4 u,t/ml of 
Lipofectamine reagent. After 5-7 h of exposure to the transfection 
medium, cells were refed with construct-free serum-containing me- 
dium and incubated 12-24 h before experiments. The transfection 
I efficiency was consistently >30% with the Lipofectamine reagents. 

Western blot analysis. Cells were scraped from 10-cm petri dishes 
land collected into 15-ml tubes, centrifuged, and washed two times 
with cold PBS. Cell pellets were resuspended in 20-100 \l\ of lysis 
I buffer [1% Triton X-100, 150 mM NaCI, 5 mM EDTA, and 50 mM 
I Tris-HCl (pH 7.4)] supplemented with I X protease inhibitor cocktail 
I (Sigma) and 100 p-g/ml PMSF before use. Cells were incubated in the 
] lysis buffer for 30 min on ice. The cell lysates were then centrifuged 
I at 14,000 rpm for 15 min, and the insoluble fraction was discarded. 
I The protein concentrations in the supernatant were determined by the 
ICoomassie Plus protein assay (Pierce) with BSA as a standard. 
I Proteins (20 p,g) were mixed and boiled in SDS-PAGE sample buffer 
for 2 min. The protein samples separated on 8% SDS-PAGE were 
then transferred to nitrocellulose membranes by electroblotting in a 
Mini Trans-Blot cell transfer apparatus (Bio-Rad) according to the 
I manufacturer's instructions. After incubation for I h at 22-24°C in a 
I blocking buffer (0.1% Tween 20 in PBS) containing 5% nonfat dry 
I milk powder, the membranes were incubated with a polyclonal rabbit 
lanti-Kvl.5 antibody (Alomone Labs) overnight at 4°C. The mem- 
I brancs were then washed with the blocking buffer and incubated with 
corresponding horseradish peroxidase-conjugated secondary antibod- 
I ies for 1 h at room temperature. After unbound antibodies were 



washed with the blocking buffer, the bound antibodies were detected 
with an enhanced chemiluminescence detection system (Amersham). 

Electrophysiological measurement. Whole cell K + currents were 
recorded with an Axopatch-ID amplifier and a DigiData 1200 inter- 
face (Axon Instruments) with patch-clamp techniques (43). Patch 
pipettes (2-3 Mft) were fabricated on an electrode puller (Sutter) with 
borosilicate glass tubes and fire polished on a microforgc (Narishige). 
Command voltage protocols and data acquisition were performed with 
pCLAMP 8 software (Axon Instruments). All experiments were 
performed at room temperature (22-24°C). For recording optimal 
whole cell Aciv), a covers lip containing cells was positioned in a 
recording chamber and supervised (2-3 ml/min) with the standard 
extracellular (bath) solution, which contained (in mM) 141 NaCI, 4.7 
KCI, 1.8 CaCU, 1.2 MgCI 2 , 10 HEPES, and 10 glucose (pH 7.4). For 
the Ca 2+ -free solution. CaCl 2 was replaced by equimolar MgCl 2 and 
1 mM EGTA was added to chelate residual Ca 2 "*". The pipette 
(internal) solution for recording whole cell / K (\o contained (in mM) 
135 KCI, 4 MgCI 2 , 10 HEPES, 10 EGTA, and 5 Na 2 ATP (pH 7.2). 
The green fluorescence emitted at 507 rim was used to visualize the 
cells transfected with ATCM45-GFP or pCMS-EGFP constructs. 

Nuclear morphology determination. Cells grown on 25 -mm cov- 
erslips were washed with PBS, fixed in 95% ethanol for 15 min at 
-20°C, and stained with 100 jxM 4\6-diamidino-2-phenylindole 
dihydrochloride (DAPI, Sigma) foT 8 min at 24°C. The blue fluores- 
cence emitted at 461 nm was used to visualize the cell nuclei. The 
D API-stained cells were examined with a Nikon fluorescence micro- 
scope, and the cell (nuclear) images were acquired with a high- 
resolution Solamere fluorescence imaging system. For each coverslip, 
15-25 fields (with 20-40 cells in each of the fields) were randomly 
selected to determine the percentage of apoptotic cells in total cells 
based on the morphological characteristics of apoptosis. Cells with 
clearly defined nuclear breakage, remarkably condensed nuclear flu- 
orescence, and significantly shrunken cell nuclei were defined as 
apoptotic cells. 

Measurement of caspase-3 activity. The protein samples were 
prepared and protein concentration was measured as for Western blot 
analysis. Proteins (40 jig) were diluted by the lysis buffer to a final 
volume of 50 p.1 and subjected to caspasc-3 measurements with a 
caspase-3 colorimetric assay kit (Assay Designs, Ann Arbor, Ml), 
following the instructions provided by the manufacturer. Briefly, 75 
(xl of a caspase-3 substrate was added to 50 p. I of the protein sample 
in a raicrotiter plate. The caspase-3 substrate, Ac-DEVD, was labeled 
with the chromophore ^-nitroaniline (pNA). A colorimetric substrate 
(Ac-DEVD-pNA) releases free pNA from the substrate on cleavage 
by DEVDase. Free pNA produces a yellow color that was monitored 
by a spectrophotometer at 405 nm after 3 h of incubation of the plate 
at 37°C. The amount of yellow color produced on cleavage is 
proportional to the amount of caspase-3 activity present in the sample. 

Ceil volume evaluation. The cell volume (JO is proportional to the 
area (S) and radius (r) of the inscribed circle of a cell as estimated by 
the following equation: V * S X r. Consequently, cell geometry 
allows us to evaluate cell volume changes by measuring the cell 
surface area (which is similar to the area of the inscribed circle 
because the cultured cells attached onto coverslips are very flat) on the 
cell images acquired with a high-resolution Solamere fluorescence 
imaging system. Only transfected cells, visualized by green fluores- 
cence, were used for measurement of the cell surface area with Kodak 
ID 3.6 software. Furthermore, a decrease in the inscribed circle area 
in a cell not only reflects cell volume decrease but also indicates a 
progression of cell "rounding" (less adherence), which is another 
characteristic of AVD and apoptosis. 

To determine and compare the changes of cell volume in control 
and KCNA5- transfected cells, the cell surface area values measured 
after treatment with staurosporine (ST) were normalized to the area 
value before ST treatment and expressed as a percentage of the initial 
area value. Using percent changes of cell volume to compare AVD in 
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I control and J- transfected cells also minimizes the potential 

I errors stemming from variation of cell sizes. 

Chemicals. ST (Sigma) was prepared as a 1 mM stock solution in 
IDMSO; aliquots of the stock solution were then diluted 1,000-2,000 
I times to the culture media for experiments. 4-Aminopyridine (4-AP; 
] Sigma) was directly dissolved in the culture media or bath solutions 
I on the day of use. The membrane-permcant DAP1 was prepared as a 
J 10 mM stock solution in an antibody buffer containing 500 mM Nad, 
20 u,M NaN 3l 10 uJvt MgCI 3 , and 20 \iM TrisHCl (pH 7.4) and 
I diluted 1:100 in PBS before use. 

Statistics. The composite data are expressed as means ± SE. 
I Statistical analysis was performed with paired or unpaired Student's 
I Mcst or ANOVA and post hoc tests (Student-New man-Keuls) where 
I appropriate. Differences were considered to be significant at P < 0.05. 

I RESULTS 

Functional expression of human KCNAS gene. To define an 
[optimal time for electrophysiological and fluorescent micros- 
Icopy experiments, wc first determined the time course of 
IKCNA5 protein expression in COS-7 cells and rat PASMC 
I transiently iransfected with KCNAS. As shown in Fig. \A, 
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I Fig. I . Expression and functional characterization of the human KCNAS 
I channels in COS-7 cells and rat pulmonary artery smooth muscle cells 
] (PASMC). A: Western blot analysis of KCNAS protein levels in COS-7 cells 
Ua) and rat PASMC (6) 1-3 days after transfection with the control pCMS- 
I enhanced green fluorescent protein (EGFP) vector (vector) and KCNAS. B: 
I representative image of cells showing a KCNA J-GFP-transfected COS-7 cell 
I that was patched for recording K + currents. C: representative currents (a and 
I b\ elicited by depolarizing the cells from a holding potential of -80 mV to test 
I potentials ranging from -60 to +60 mV, and composite current-voltage (/-K) 
I relationships (c and d) in control (vector) and KCNA 5-tfBnsfected cells. 



KCNA5 protein was heterologously expressed at a very high 
level in both cell types transferred with KCNAS construct 
compared with cells trans fected with an empty vector. The 
expression level of KCNA5 protein was maximal 24 h after 
transfection and was maintained for up to 48 h (Fig. \A, a and 
by The heterologous KCNA 5 protein level in KCNA5-trans- 
fecled COS-7 cells and rat PASMC (24 h after transfection) 
was 34 and 14 times greater, respectively, than the endogenous 
K.CNA5 protein levels in cells transfected with a control or 
empty vector (a pCMS-EGFP vector without KCNAS). 

To characterize the function of heterologous KCNA5, whole 
cell /kcv) were recorded and compared in cells transiently 
transfected with the control vector and the KCNAS- GFP con- 
struct. Twenty-four to thirty-two hours after transfection, the 
cells emitting green fluorescence were selected for recording 
/k(V) (Fig- 1-5)' As shown in Fig. 1C, the whole cell /k(v>, 
elicited by depolarizing the cells from a holding potential of 
^70 mV to a series of test potentials ranging from —60 to +60 
mV, were significantly increased in KCNA 5- transfected COS-7 
cells (Fig. \Ca) and rat PASMC (Fig. \Cb); the amplitude of 
/k{V) was increased by 22-29 times compared with the empty 
vector-transfected COS cells (Fig. lCc) and rat PASMC (Fig. 
ICd). These results show that /) the whole cell /k<v> in the 
KCNA S- transfected cells are dominantly generated by the het- 
erologous KCNA5 channels, whereas the contribution of en- 
dogenous K + channels to the total /kcv) is minimal, and 2) the 
optimal time for maximal expression of KCNA5 channels is 
24-48 h. 

Overexpression of KCNAS accelerates AVD. Increased 
KCNA5 channel expression and subsequent augmentation of 
Atcv) would promote loss of intracellular K + and enhance AVD 
induced by apoptosis inducers such as ST. To investigate 
whether overexpression of KCNAS influences ST-induced cell 
volume decrease, we first transfected COS-7 cells and rat 
PASMC with the control vector (pCMS-EGFP construct) and 
the KCNA5-GFP construct. Twenty- four hours after transfec- 
tion the cells were treated with 1 uJvl ST for 30-150 min, and 
the cells emitting green fluorescence (representing transfected 
cells with either control vector or KCNAS-G¥? construct) were 
selected for cell volume measurement (Fig. 2A). 

Treatment with 1 u-M ST for 30-120 min caused significant 
cell shrinkage in COS-7 cells (Fig. 2Ba) and rat PASMC (Fig. 
2Bb); the maximal decrease in cell volume was 46.3% and 
61.5%, respectively. The ST-induced AVD was significantly 
accelerated in /:CM45-transfected COS-7 cells (Fig. 2Ba) and 
rat PASMC (Fig. 2Bb) compared with the control GFP vector- 
transfected cells. For example, the time to reach EC50 for 
ST-induced AVD was shortened from 47.2 ± 4.1 (n = 26) to 
22.1 ± 2.2 (n = 26) min (P < 0.001) in COS-7 cells and from 
46.5 ± 4.5 (n = 19) to 24.2 ± 3.6 (n = 17) min in rat PASMC 
by overexpression of KCNAS (Fig. 25). These results suggest 
that increased whole cell /ktv) in /CCM4J-transfected cells 
promote apoptotic cell shrinkage. 

Overexpression of KCNAS gene enhances apoptosis. To 
examine whether KCNAS overcxpressed in mammalian cells 
influences apoptosis, we first transfected COS-7 cells with the 
control vector and the KCNAS expression construct. Twenty- 
four hours after transfection, the cells were treated with vehicle 
(DMSO) or ST. The percentage of cells that exhibited apop- 
totic nuclear morphology (i.e., nuclear condensation, shrink- 
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lion). Consistent with the effect on apoptosis (Fig. 3), overex- 
pression of KCNAS had a negligible effect on basal caspase-3 
activity in COS-7 cells (194 ± 30 vs. 212 ± 20 U/rng total 
protein in vector- and #CM45-transfected cells) but signifi- 
cantly increased basal caspase-3 activity tn rat PASMC (152 ± 
19 vs. 234 ± 19 U/mg; P < 0.05) (Fig. 4). 

Treatment of the cells with I \iM ST for 6 h markedly 
increased caspase-3 activity in both COS-7 cells and ral 
PASMC, and the ST-mediated caspase activation was signifi- 
cantly greater in KCW/lJ-transfected COS-7 cells (622 U/mg) 
than control vector-transfected cells (416 U/mg; P < 0.05) 
(Fig. 4). The reason we could not detect a significant difference 



I Fig. 2. Apoptotic volume decrease (AVD) is accelerated in KCNAS-tmns- 
I fected cells. A: rat PASMC transfected with the control pCMS-EGFP vector 
I before (control) and after treatment with 1 y.M staurosporine (ST) for 1 and 
] 3 h. Center and right, phase contrast images of the cells. Left, combination of 
I the phase contrast image overlapping with a fluorescent image of GFP. The 
I photographs were taken at a magnification of X20, The cells emitting green 
I fluorescence were selected for the cell volume measurements. B: summarized 
I data showing the decrease in cell volume in COS-7 cells (a) and rat PASMC 
I (o) transfected with the control vector and KCNAS before (0 min) and during 
{treatment with I u,M ST for 30-150 mm. The time-course curves for 
I ST-mediated cell volume decrease in control and KCNA J -transfected cells are 
I significantly different (P < 0.01) ra COS-7 cells and rat PASMC. 



age, and breakage) was then determined by fluorescence mi- 
I croscopy (Fig. 3Aa). 

In COS-7 cells, overexpression of KCNA 5 alone had little 
I effect on basal apoptosis, the percentage of ceils undergoing 
apoptosis in cells that were not treated with ST (10.6 ± 0.9% 
I in control cells vs. 12.6 ± 1.5% in J£CM45-transfected cells; 
\P = 0.26; Fig. 3Ab\ whereas ST-induced apoptosis in KCNAS- 
I transfected cells (21.3 ± 2.5%; n = 24) was almost two times 
greater than in control cells (1 1.9 ± 1.9%; n = 25, P < 0.01) 
I (Fig. 3A % b and c). The basal apoptosis was determined 24 h 
I after transfection, when the transfection level of KCNAS was 
maximal. In rat PASMC, howeveT, overexpression of KCNAS 
I alone significantly increased the basal apoptotic rate (deter- 
I mined 24 h after transfection) from 8.2 ± l.J% (control cells) 
to 21.3 ± 2.0% (P < 0.001) (Fig. 3Ba) t in addition to 
I enhancing ST-induced apoptosis (from 3 1 .3 ± 1 .5% to 52.3 ± 
3.2%; P < 0.05; Fig. 3Bb). These results suggest that overex- 
I pression of KCN A5 channels increases whole cell /kino, accel- 
erates ST-induced AVD, and enhances ST-induced apoptosis 
I in COS-7 cells and rat PASMC, whereas KCNAS overexpres- 
I sion alone makes rat PASMC prone to undergo apoptosis. 

Caspase-3 activation is increased in KCNAS-transfected 
I ceils. Cleavage of procaspase-3 to generate the active effector 
I caspase-3 is an important step thai leads to chromatin degra- 
dation and ultimately to apoptosis (13). To confirm that the 
I apoptotic morphological changes that we observed in the 
I previous experiments are associated with caspase-3 activation, 
J we measured and compared the caspase-3 activity in total 
[protein samples obtained from the control vector- and KCNAS- 
I transfected COS-7 cells and rat PASMC (24 h after transfec- 
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Fig. 3. Apoptosis is enhanced in AfCM45*trnnsfcctcd cells. A: 4'.6~diamidino- 
2-phenylindo!e dihydrochloride (DAPI)-stained nuclei (a) of COS-7 cells 
treated with (ST) or without (control) I M-M ST for 3 h. Arrows indicate the 
apoptotic nuclei (photographs were taken at a magnification or X40). Magni- 
fied images (bottom) show a normal nucleus {left) and an apoptotic nucleus 
(right), b: Summarized data showing % of apoptotic cells before (control) and 
after (ST) 3-h trcaonent with I u>M ST in COS-7 cells transfected with the 
control pCMS-EGFP vector and KCNAS. *♦/> < 0.01, < 0.001 vs. 

control. NS, no statistical significance (P > 0.5). c: Normalized increase of % 
of apoptotic cells after treatment with ST showing that ST-induced apoptosis 
is significantly greater in KCNAS -transfected cells (n =* 25) than in control 
cells (vector^ " = 24). **P < 0.01 vs. vector. B: summarized data (a) showing 
% of apoptotic cells before (control) and after (ST) 1.5-b treatment with 0.5 
p.M ST in rot PASMC transfected with Che control vector and KCNAS. **P < 
0.01, < 0.001 vs. control, b: Normalized increase of % of apoptotic cells 
after treatment with ST in control (n - 10) and KCNA .5 -transfected (n = 10) 
rat PASMC. **P < 0.01 vs. vector. 
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I Fig. 4. Increased caspase-3 activation in KCNA J-transfected cells. Surama- 
I rized data shew the caspasc-3 activity in total cell protein samples obtained 
I from COS-7 cells (A) and rat PASMC (B) Cransfccted with the control 
I pCMS-EGFP vector and KCNA 5 before (control) aDd after (ST) 6-h treatment 
[with 1 u,M ST. < 0.05 vs. control. 



in ST-induced caspase-3 activation between control vector- 
and AXAM5-transfected rat PASMC was probably a high basal 
| level of caspase-3 activity in KCNA J-transfecled cells. 

Blockade of KCNA 5 channels decelerates ST-induced A VD 
I and inhibits ST-induced apoptosis, Overexpression of KCNAS 
increased whole cell / K (v), accelerated AVD, enhanced 
caspase-3 activation, and induced apoptosis. To verify that the 
Iproapoptotic effect of KCNA5 overexpression is due to in- 
creased K + efflux or cytoplasmic K* loss, we examined tbe 
effect of 4- A?, a Kv channel blocker, on KCNAS currents and 
] ST-induced AVD and apoptosis. Extracellular application of 3 
[mM 4-AP significantly and reversibly decreased whole cell 
llmv) in KC/M5-GFP-transfected COS-7 cells (Fig, 5, A and C) 
I and rat PASMC (Fig. 5, B and D) t indicating that 4-AP is a 
I potent blocker of KCNA5 channels. In these experiments, 
whole cell KCNAS currents were recorded in KCNA5-GF?- 
1 transfectcd cells both supervised and dialyzed with Ca 2+ -frec 
I solutions. 

We then investigated whether 4-AP-mediated blockade of 
IKCNA5 channels influences ST-induced AVD and apoptosis. 
I Empty vector-transfected and AXAklJ-GFP-transfected (Fig. 
6A) rat PASMC (24 h after transfection) were first treated with 
3 mM 4-AP for 30 min and then treated with 1 yM ST for 
30-150 min in the presence of 4-AP. As shown in Fig. 6, 
inhibition of KCNAS channel activity with 4-AP markedly 
attenuated or decelerated ST-induced AVD in both vector- 
transfected (Fig. 6Ba) and KC/MJ-transfected (Fig. 6Bb) rat 
I PASMC. The differences of ST-induced AVD (calculated by 
I subtracting the time course curves in cells without 4-AP 
treatment from the curves in cells with 4-AP treatment) in 
vector- or KCyV/l 5- transferred cells indicate that 4-AP-medi- 
lated inhibition of AVD is much greater in /CCM45-transfected 
I cells than in vector-transfected cells at 30-90 min of ST 
| treatment (Fig. 6C). In control vector-transfected cells, for 
example, 4-AP attenuated AVD from 63. 1 ± 1 .0% (n = 38) to 
1 76.2 ± 1.1% (w = 50; a 21% inhibition) 60 min after ST 
I treatment, whereas in KCNAS-GF?- transfectcd cells, 4-AP 
decreased AVD from 46.2 ± 1.3% (n = 33) to 67.2 ± 1.2% 
I (n = 36; a 45% inhibition) (Fig. 6£>). These results further 
1 demonstrate that 4-AP-sensitive native Kv channels in rat 
I PASMC contribute to ST-induced AVD and overexpressed 
I KCNA5 channels are responsible for the acceleration or aug- 
1 mentation of ST-induced AVD in #CM4J-transfected rat 
I PASMC. 



To examine whether blockade of KCNA5 channels with 
4-AP affects ST-induced apoptosis, the AXVv^J-GFP-trans- 
fected COS-7 cells (24 h after transfection) were first treated 
with 3 mM 4-AP for 30 min and then treated with 1 u,M ST for 
3 h in the presence of 4-AP. Inhibition of KCNA5 channel 
activity with 4-AP markedly inhibited ST-induced apoptosis 
(Fig. 1A). In control tfCM45-GFP-transfected cells, treatment 
with 1 |±M ST increased the percentage of apoptotic cells from 
12.1 ± 0.8% to 41.2 ± 4.0% (a 3.4-fold increase), whereas in 
/CCM45-GFP-transfected cells treated with 4-AP, ST increased 
the percentage of apoptotic cells from 13.7 ± 0.9% to 29.4 ± 
2.5% (a 2,1-fold increase) (Fig. 1A), The ST-induced apoptosis 
in KCA^J-GFP-transfected cells was reduced by -46% after 
treatment of the cells with 4-AP (from 29.1 ± 4.0% to 15.7 ± 
2.5%; n = 7; P < 0.01; Fig. IB). These results suggest that the 
increase in /k(V) due to overexpressed KCNAS channels results 
in the enhancement of ST-induced apoptosis. 

It is noted that treatment with 4-AP, a potent blocker of 
native Kv channels and KCNAS channels, only blocked 46% 
of ST-induced apoptosis (Fig. IB), The remaining 54% of 
apoptosis induced by ST may result from /) activation of 
4-AP-sensitive K + channels that were not completely blocked 
by the dose of 4-AP we used in these experiments, 2) activation 
of 4-AP- in sensitive K" 4 " channels and other cation or anion 
(e.g., CP) channels, and 3) a possible apoptotic effect of 4-AP 
per se. 

DISCUSSION 

Pulmonary vascular medial hypertrophy, an important 
pathological feature in patients with pulmonary hypertension, 
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Fig. 5. Inhibitory effect of 4-aminopyridioe (4-AP) on whole cell K * currents 
in /COV^J-transfected cells. A and B: representative currents, elicited by 
depolarizing the ecus from a holding potential of -80 mV to a series of test 
potentials ranging from -60 to +60 mV in 20-mV increments, in KCNA5- 
transfected COS-7 cells {A) and ret PASMC [B) before (Conl), during (4-AP), 
and after (washout) extracellular application of 3 mM 4-AP. C and D: 
composite i-V relationships (means ± SE) from KC/V/U-transfected COS-7 
cells (C; n = 9) and rai PASMC (f>, n = 7) before, during, and after 4-AP 
treatment. 
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I Fig. 6. Functional blockade of KCNA5 channels by 4-AP decelerates ST- 
1 induced AVD. A: representative images showing rat PASMC (24 h after 
I transfectkm with KCNAS<jFV) with (4-AP) or without (control) pretreatment 
I with 3 mM 4-AP. These cells were not treated with ST. Only transfected cells, 
] recognized by green fluorescence, were used to measure volume changes 
I before and after treatment with ST. B: summarized data (means ± SE) showing 
I the % decrease in cell volume of vector (a)- and KCNA5 (£}-transfected 
] PASMC in response to I \lM ST (treated for 30-150 min) in the absence 
I (control) and presence (4-AP) of 3 mM 4-AP. C differences of 4-AP-mediated 
] inhibition of AVD (subtracting the time-course curve in control cells from the 
I curve in 4-AP- treated cells) in vector- and KCN/O-translected cells. D: % 
I changes (mean ± SE) of cell volume in PASMC treated with and without 4-AP 
] 1 h after ST treatment for vector- and tfCVMJ-transfected cells. ***P < 0.001 
J vs. ST alone. The 4-AP-mediated inhibition of ST-induccd AVD is signifl- 
Icantly greater in KCNA5-transfected cells than in vector-transfected cells. 



lis mainly due to unbalanced PASMC proliferation and apop- 
Itosis. Increased PASMC growth and/or decreased PASMC 
I apoptosis can concurrently mediate, thickening of the pulmo- 
Inary vascular wall, subsequently reducing the lumen diameter 
I of pulmonary arteries, increasing pulmonary vascular resis- 



tance, and raising pulmonary arterial pressure (1,9, 10, 28, 29, 
35, 48). Precise control of the balance of cell apoptosis and 
proliferation in PASMC thus plays a critical role in maintain- 
ing /) the normal structural and functional integrity of the 
pulmonary vasculature and 2) the low pulmonary arterial 
pressure in normal subjects. In animal experiments, it has been 
demonstrated that inducing apoptosis of hypertrophied 
PASMC in intact pulmonary vessels can prevent the progres- 
sion of the medial hypertrophy (9, 10, 28). Therefore, it is 
important to define the genes and gene products that participate 
in regulating PASMC apoptosis and proliferation. 

Apoptotic cell shrinkage, an incipient prerequisite for apop- 
tosis that precedes most other morphological alterations and 
caspase activation during the apoptotic process, results from a 
loss of cytosolic ions (e.g., K*" and CP) and water in response 
to apoptosis inducers (21, 24). Therefore, the transmembrane 
K + transport and activity of Kv channels play an important 
role in the regulation of AVD (4, 5, 1 1, 18-21, 23, 24, 36, 38, 
40, 41). In addition to regulating cell volume, K + in the cytosol 
also serves as an inhibitor of caspases and nucleases (14), the 
central executioners of the apoptotic pathway (13). In other 
words, maintaining a high [K + ] c (i.e., —140 mM) is necessary 
for both the maintenance of norma! cell volume or K + ho- 
meostasis and the suppression of caspases and nucleases (5, 11, 
14). Activation of K + channels in the plasma membrane 
increases K + efflux or loss and plays an important role in 
initiating AVD and apoptosis, whereas blockade of K + chan- 
nels inhibits the apoptotic cell shrinkage and attenuates apop- 
tosis induced by a variety of apoptosis inducers, such as ST, 
valinomycin, anti-Fas, tumor necrosis facto r-ct, H 2 0 2 , carbonyl 
cyanide ;?-trifluorornethoxyphenyIhydrazone (FCCP), and ul- 
traviolet radiation (4, 5 , 1 1 , 18-21 , 23 , 24, 36, 38-41). These 
results suggest that cytosolic K 4 homeostasis and sarcolemmal 
K + channel activity arc both involved in the regulation of 
apoptosis. 

The inability of 4-AP, a potent blocker of Kv channels in 
vascular smooth muscle cells, to abolish ST -induced apoptosis 
suggests that AVD or apoptosis is not only regulated by 
4-AP-sensitive Kv (e.g., KCNA5) channels but also regulated 
by 4-AP-insensitive K + channels as well as CP channels. In 
other words, multiple mechanisms are involved in regulating 
apoptotic cell shrinkage and apoptosis; activity of Kv channels 
may serve as one of the important mechanisms to regulate 
programmed cell death. 
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Fig. 7. Functional blockade of K.CNA5 channels by 4-AP inhibits ST-induccd 
apoptosis. A: summarized data showing % of apoptotic cells before (Cotu) and 
afteT (ST) 3-h treatment wilb 1 ST in KCSA 5-transfectcd COS-7 cells in 
the absence (-4-AP: n — 7) or presence (+4-AP; n - 7) of 3 mM 4-AP. 
♦**/» < 0.001 vs. ConL B: normalized increase of % of apoptotic cells after 
treatment with ST showing that ST-induccd apoptosis is significantly inhibited 
by 4-AP in ATCMO-transfected cells. **P < 0.0 1 vs. -4-AP. 
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Downregulated and dysfunctional Kv channels have been 
implicated in PASMC from patients with IPAH (42, 46). Acute 
I hypoxia decreases Kv channel activity and chronic hypoxia 
I downregulates Kv channel expression in PASMC, suggesting 
1 that hypoxia mediates pulmonary vasoconstriction and vascu- 
lar medial hypertrophy by, in part, inhibiting Kv channel 
activity (8, 15, 26, 33, 38, 44). The decreased Kv currents due 
to downregulated expression and/or attenuated Kv channel 
function depolarize PASMC, open voltage-dependent Ca 2+ 
I channels, promote Ca 2+ influx, increase [Ca 2+ ]cyt, and ulti- 
Imately cause pulmonary vasoconstriction and stimulate 
PASMC proliferation (22, 25, 32, 43). The inhibited Kv chan- 
I nels in PASMC (42, 46) may also be involved in the attenuated 
I PASMC apoptosis in IPAH patients (48) and subsequently 
I contribute to the excessive pulmonary arterial medial hyper- 
| trophy observed in these patients. 

A common hypothesis is that enhanced PASMC prolifera- 
[tion and inhibited PASMC apoptosis both contribute to pul- 
Imonary vascular medial hypertrophy. Therefore, inhibition of 
I PASMC proliferation and induction of apoptosis in hypertro- 
I phied PASMC may both be beneficial for treatment of severe 
[pulmonary arterial hypertension (9, 10, 28). For example, NO 
and prostacyclin (PGh) are potent endotbeliunvderived vaso- 
I dilators and inhibitors of smooth muscle cell growth (7, 16, 17, 
J 30), Short-term infusion of PGI 2 and inhalation of NO decrease 
I pulmonary vascular resistance, whereas long-term therapy with 
|PGI 2 improves survival in IPAH patients (1). Furthermore, NO 
induces apoptosis in vascular smooth muscle cells (6, 19, 30, 
1 34, 37). In PASMC, both NO and PGI 2 activate K + channels 
j(e.g., voltage-gated, Ca 2+ -activated, and ATP-sensitive K + 
{channels) (2, 45). These results suggest that activation of 
J sarcolemmal channels may serve as an important therapeu- 
I tic target for pulmonary hypertension because of its /) vaso- 
[ dilative effect on pulmonary arteries by causing membrane 
I hyperpolarization, closing voltage-dependent Ca 2 * channels, 
[attenuating Ca 2+ influx, and decreasing [Ca 2 "**] cy t in PASMC, 
2) antiproliferative effect on PASMC by reducing cytoplasmic 
and nuclear [Ca 2+ ], and 3) proapoptolic effect on PASMC by 
inducing apoptotic volume decrease and facilitating caspase 
activation. Inhibition of proliferation or induction of apoptosis 
in "misguided" hypertrophied PASMC leads to the regression 
J of pulmonary medial hypertrophy (9, 10, 28). 

As mentioned above, downregulation of Kv channel a-sub- 
I unit (e.g., KCNA5) expression and inhibition of Kv channel 
function in PASMC have been implicated in IPAH and hy- 
poxia-mediated pulmonary arterial hypertension (1-3, 27, 42, 
46). In animal experiments, Pozeg et ah (27) showed that in 
I vivo gene transfer of KCNAS, an important pore-forming 
a-subunit that forms delayed-rectirler Kv channels (8, 15), 
increased 7k(V) in PASMC, decreased pulmonary vascular 
I thickness, reduced pulmonary vascular resistance, and lowered 
I pulmonary arterial pressure. These results provide compelling 
I evidence that overexpression of Kv channels in PASMC is an 
I efficient approach for treatment of pulmonary arterial hyper- 
tension. 

In summary, we showed in this study that in vitro overex- 
pression of human KCNA5 in COS-7 cells and rat PASMC 
J increases whole cell 7k<v), accelerates ST-induced apoptotic 
I cell shrinkage, and enhances ST-induced caspase -3 activation 
land apoptosis. Functional blockade of KCNAS channels with 
14-AP reduced /icrv> and inhibited ST-induced apoptosis in 



COS-7 cells, confirming that the proapoptotic effect of KCNAS 
overexpression is due to an increased K + efflux. Furthermore, 
overexpression of the human KCNA5 in rat PASMC induced 
"basal" apoptosis or, in other words, made PASMC inclined to 
undergo apoptosis in the absence of apoptosis inducers. These 
results suggest that, compared with COS-7 cells, PASMC may 
rely more on K + channel activity and the apoptotic process to 
remove unnecessary (e.g., misguided or hypertrophied) cells 
under normal conditions to maintain a thin vascular wall. 
Genetic abnormalities (e.g., bone raorphogenetic protein recep- 
tor II mutations) and KCNAS downregulation and dysfunction 
may lead to the removal or inhibition of the K + channel- 
dependent apoptotic process, thereby contributing to the devel- 
opment of pulmonary vascular medial hypertrophy. 

Further studies are necessary to determine whether the 
apoptotic effect of KCNAS overexpression occurs in normal 
human PASMC and whether overexpression of Kv channels in 
PASMC from IPAH patients is able to restore normal K + 
function and facilitate apoptosis. The results from this study 
also suggest that normal expression and function of KCNAS 
channels are not only necessary for maintaining and regulating 
resting membrane potential and (Ca 2+ ] cy t (1-3, 8, 15, 43, 47) 
but also essential for promoting cells to undergo apoptosis. The 
therapeutic effect of KCNAS gene transfer on pulmonary arte- 
rial hypertension (27) may be partially due to enhanced 
PASMC apoptosis, which leads to the regression of pulmonary 
vascular remodeling and reduction of pulmonary vascular re- 
sistance. 
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^xTiT, diSOrdSr in 1983 to 1988 - 1 a-i— c antrs of 

a^ s ; ! (2MBH) " ° n ^ rSiey ° f Heidelberg, Gacraany , as 
nl^L M ; o «-^- * fiance in clinical neurology 

neuroWlcgy, neuropathology and molecular cell tiology. 

ore, V J™ * 1S ° " lnVftnt ° r °* 8Ut:,eCt matter aat i- the 

present, above-identified patent application. 

4. - have read *nd am familiar with the prosecution history of 
the present application, inciting the USPTO Office Action dated August 
8, 2 005. 



S, 



This declaration is a supplement to 'the Response submitted 
separately herewith, providing information relevant to whether it would 
be predictable that amyotrophic lateral sclerosis (ALS) cculd be treated 
by administering soluble Pey-RI, For -Rir, and/or rcy-Riri receptee to 
effect Fc raoeptor blockade, thar the specification a* filed cables a 
person stein.* in the art to malce and use the invention, that the 
operativeness of the claimed invention is reasonably predictable based 
on in vit ro studies cited in the specification, that operatives 
remains reasonably predictable based on most recent medical research 
references, axid to establish what the inventor, as a„ ordinary skilled 
artisan, knew at the time of the filing of the application. 

6. The Office Action rejects claims 1-7 under 35 U.S.C. «H2, 
firs- paragraph, as being non-enabling for the subject matter described 
in the specification. In particular, the Examiner states that, while 
the specification is enabling for a method of blocking the cytocoxie 
activity of rcyRIll-positive, axs-speciflc cells in a patient with ALS 
using soluble FcyRIII, tha specification "does not reasonably provide 
enablement for the full breath (sic) of soluble Fey receptors and a 
method of treating a patient wi-h ALS" (par. 7>." 
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7. I respectfully disagree with the Examiner' s assessment that 
the specification is nan~enabling for a method of treating ALS by 
administering en effective amount of soluble Fey receptors, wherein aaid 
soluble Fey receptors bind to immunoglobulin in said patient to treat 
amytrophic lateral sclerosis. First, the method is enabled in the 
specification for all classes (i.e., RI, RII and RIII) of soluble Fey 
receptors as much as for the one class of soluble FoyRIii receptors. 
The entire group of Fey receptors (all three classes) is identified in 
the disclosure, as well as the source and derivation of each claas 
sufficient for a skilled taolecular biologist to obtain any of the group, 
and appropriate doeas are given for an initial therapeutic scheme in 
Example 1, from which a skilled practitioner could derive a therapeutic 
scheme for each and every soluble Fey receptor in the group. Methods of 
producing the requisite soluble Fog receptors were known in the art 
prior to -che filing date sufficiently for <a trained molecular biologist 
to Obtain the substances (e.g., see Sautes et al . , 1994). The Example 1 
in the disclosure teaches FcgRs generally, produced from Coll fusion 
proteins. With regard to therapeutic cegimen, Example 1 does not merely 
show a toleration test, as stated by the Examiner; rather, the Example 
directs a therapeutic scheme whereby one begins with a toleration test, 
! and then administers v subsequently 150 mg/weight kg daily r over a period 

j of 5 days." A therapeutic endpoint is specifically called out in the 

listing of solution advantages #3:."... the therapeutic success can not 
j only be determined clinically, but also on the cellular level, by 

\ the examination of blood samples for therapy- re la ted decrease in number, 

or even a total elimination, of the number of the Fey receptor-positive 
cellular forms in the blood stream-" (see the Specification at page 7 r 
numbered paragraph 3) . This therapeutic scheme and goal provides 
sufficient guidance and direction for a skilled medical doctor to treat 
ALS patients with the method of the claimed invention. 
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6, Attached herewith as APPENDIX A, is a report generated for 
the purpose of responding to the Examiner's rejections in prior Office 
Actions. This report explains in detail that ALS-specif ic immune cells 
are characterized by specific protein combinations, which combinations 
identify Fey receptor ag key proteins. Moreover, the report also 
provides results of comparison between occurrence of Fey receptor in the 
immune cells of normal individuals versus occurrence in immune cells of 
patients with ALS* 



9. The research upon "Which my company was founded pertains to 
toponomic fingerprinting, which ie a whole-cell protein fingerprinting 
(WCPF) technology that uses an automated 3D visualization system (MELK) 
integrated with Mel tec' a biomathematical tools. The MEL* system detects 
protein networks. identifies and localizes at the cellular level, 
thereby deciphering cellular function. Using this technology, spatial 
organization of proteins can be determined, which is important for the 
functional code of a cell. Cellular functionalities are encoded by a 
finite and highly non-random repertoire of toponome units (Ttfs) which is 
a system of rules to construct topological hierarchies in a cell's 
proteome. The entirety of these TUs represents the total functional 
code Of a cell- 



10. Toponomic Fingerprinting (TF) is based upon the theory that a 
cell is made up almost entirely by protein-complexes in all compartments 
and in the cytosol « Using tag libraries, toponome enciphers the 
complete functional plan of a cell or a tissue. It is composed of 
highly non- random spatial assemblies of proteins, the functional 
toponome unit ~ ( FTOs ) . There are clear-out rules fox the local formation 
of FTUs in cells, which, when deciphered by the TF at a large scale, 
unravel the hierarchies of proteins and directly lead to the detection 
of key target proteins. This functional organization of proteins is 
inaccessible when the cellular structures are destroyed,, as for example, 
by large scale expression profiling procedures- TF is highly specific 

-4- 
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for a cell type, a functional state of a cell, e.g., as in disease, or a 
zissue. TF is a characteristic collection of* combinatorial protein 
patterns (CPP) which contain protein clusters . 

IX. To acquire data, an automated imaging cycler MEl<K (Multi- 
Epitope-Ligand- ,s Kartograph") is used for "massive parallel toponome 
screening," which allows for the automated running of fcspetitive- 
incubation- Imaging-Bleaching-Cycles (RIIBC) - As described in Appendix 
A, starting on page 6, after several dye -conjugated antibody binding, 
fluorescence images are registered and stored creating an illustration 
of protein networks. As described on Appendix A, starting on pag® 7, 
using our own proprietary software, Image processing al3.ows for image 
correction, threshold sotting, signal alignments and object segmentation 
creating an information, of mapping cellular or subcellular toponomic 
fingerprints. 

12. In combination with statistical analysis, a particular 
algorithm called, the s *motif -finder" that we developed is used to 
automatically identify cpp motifs with high statistical significance 
among different comparison groups, e.g., control v. treatment groups* A 
leading protein is identified as the key player (potential target 
protein) . As explained in Appendix A, starting on page 7, all CPPs 
within the TF are expressed, as a combinatorial binary code in which each 
protein is denoted as absent or present above a threshold level (0/1) . 
A fixed "reading frame" (x-axis) contains all theoretically possible 
CpPe. The as a binary code can be transformed into a decimal number 

on thca x-a^is- This decimal number is plotted against the frequency of 
th«> CPf'$ (y-axis) in the sample.. The resulting TF contain all 
occurring CPPs as wall as ^silent areas/' whicn indicate that the 
corresponding theoretical CPPs on the reading frame do not occur in the 
biological system measured. The combination of occurring CPPs and 
silent areaa together make up the TF of a cell system. These TF 
pinpoint differences between treated and untreatd biological samples, or 
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between different cell systems cr diseases. From this, CPP clusters aire 
identified which one protein common to all CPPs within the cluster is 
particularly identified. 



venous blood, of 7 healthy individuals and from 9 sporadic ALS patients 
are sbown starting on page XI of Appendix A. We used a library of 18 
different monoclonal antibodies diraotly conjugated to a dye (FITC) as 
well as the MELK technology as outlined in the method section of 
Appendix A, The antibodies were all directed against well-characteri2ad 
cell surface proteins, most of them belonging to cell surfaoe adhesion 
receptors and cell surface proteolytic enzymes. Table 4, on page 17 of 
Appendix A, provides a total list ofi ALS ■« specif ic motif a , i.e., most- 
significant abnorxnal, cell-surface, protein clusters in AL3 based on an 
analysis froin our proprietary pattern recognition-algorithm including 
.our motif-finder. Table 5, on page 20 of Appendix A, provides a 
comparison of the laost striking findings for normal control individuals 
and ALS patients- Upon a 2D and 3D analysis, the leading protein found 
to bg significantly frequent was CD16 (FCtRIII) in AL3 patients . Each 
protein has a unique distribution patter*: over the cell surface 
mononuclear cells upon 3D visualization » While the data indicate that 
CD16 is the leading protein in both healthy and ALS blood cells, the 
motifs were found inherently different. In rhe control group, CD16 co- 
clusters with CDllb/CD2 or hladr; if CD16 co-clusters with hladr, the 
following molecules are always absent - CDllb, C£)621, CD36 and CD4 . 
This indicates that -che inverse correlation of cell surface receptors is 
important for -cho normal state of mononuclear cells. Ir* contrast, in 
ALS, CD16 co-clusters with hladr and also witn CD36 or CD36 and CD621, 
hut never with CDllb. In addition, GDI 6 in ALS does also co-cluster 
with CD45ra, These clusters strictly exclude hladr and CDllo. Thus, 
AX3-specific cell surface protein clusters indicate presence of abnormal 
cell surface differentiation - Moreover, based on the high statistical 



13. 



Methodology and results of identifying cell clusters ^rom the 
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significance, CD16 can be indicated as a valid peripheral biamarker for 
ALS and a basis for CD16~orjented modification therapy . 



14. Table 1 in the Specification of the present application 
present© some of the results of th© research discussed above. it is 
logical and reasonable to predict with confidence, from these results 
disclosed in the specification, that a soluble Fcg receptor introduced 
to the serum in order to selectively bind the constant gamma chain of 
immunoglobulin in the serum would thereby selectively deprive the 
FcgRIII receptors on the A1S -disease-specif ic immune cells .from binding 
with said immunoglobulin, and thus would block activation of these 
disease-specif ic immune cells * 



IS. Soluble Fc^RI, Fc^RlI and FcvRIII receptors operate essentially 
the same with respect to the invention insofar as they are all capable 
of binding the gamma-chain region on immunoglobulin in the blood. 
Therefore, the three classes each operate in similar fashion to prevent 
blood-borne XgG from subsequently activating the Fc^RIII reiceptor- 
positive, flJLS-disease-specif ic immune cells. 



ligands 



now 



16. Recent research supports the claimed method of 
autoimmune aspects of AXS by introducing soluble FcyRs. The 
activating FcxRs in providing a critical link between 
effector cells in type IX and type III inflammation is 
established (Ravetch and Bolland, 2001). Nakamura et al«, 2005 
that the activating-type Fc receptors (FcRs) are essential 
development of autoimmune diseases, suggesting that regula 
inhibitory or activating FcR is an ideal target as a the; 
agent (p. 169) , that macrophages lacking Fc^RI or FcRy. show 
phagocytosis/ owing to co-engagement of Fc^Rs during phage 
effectively triggering activation of the Src tyrosine-kinase 
which phosphorylates ITAM (p. 175>, and that recent studies usi 
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deficient mice also reveal that the development of autoimmune disea^s 
depends upon Fc*Rs < P .17B, citing H aym an 2000, Ravetch and Solland, 
2001, Takai 2O02* and Hog*rth, 2005)- Suates-Fridman et al . (2003) 
state thaT: tft* Fc receptions for XgG <FcxR> play a critical role in 
immunity by linking Tihe i gG antibody mediated responses with cellular 
effector and regulatory functions of the immune system (p. 14a), that 
data obtained in miae have led to the cono* P t that many systemic 
autoimmune diseases arc under Fc^R control ( F , ISO) , and that not only 
are Fc^R important molecules that mediate and control the effector 
functions of igG antibodies, but they alsc control the autoimmunity - 
tolerance balance in the periphery (p. 151). 

17. Tft© McGeer article cited by the U5PTO Examiner for the 
conclusion that there is no effective ALS treatment: exists reviews a set 
of therapeutic schemes that neither includes nor is , related to the 
therapeutic strategy of the invention . Between the year* 1965 and 2005, 
immunosuppressant strategies in clinical trials have only tested 
administration of cyclosporins, prednisolone, ezathiprene, 
Cylophosphadine and radiation [See Clark et al . / 2005, pp. 128-304). In 
a recent study that ejcainin«d whether Fc^R-mediated processes can 
contribute to these effects or ALS patient immunoglobulins, it was found 
that Fc^Rs appear to participate in IgG uptake into motor neurons as 
well as igG-rnediated increases in intracellular calcium and 
acetylcholine release from motor axon texroinals (Mohamad, 2002) . In 
2006, soluble Fey receptors are still categorized as "new lead^' f bv the 
ALS Therapy Development Foundation (see attachment/ ALS TDF Web page 
2006] . 

I further declare that all statements made herein of xny own 
Knowledge ars true and that all statements made on information and 
belief are believed to be true; and further that these statements ar4- 
made with the Knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment/ or both, under Section 1001 
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a£ Title 5-9 of the Unites States Code, and that such willful false 
statements so made may jeopardiee the validity of the decadent, or 
application, ox any patent issuing thereon- 



Signed this 
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